Objective: To trace the evolution of type 1 diabetes (T1D) in Navarre in children under 15, between 1977 and 2016, and their characteristics at onset regarding age and sex.
| INTRODUCTION
Type 1 diabetes (T1D) is the most frequent endocrinological disease in childhood. 1 It is a chronic disease that requires lifelong treatment, so it has an important socio-economical and healthcare impact. 2 The current lack of knowledge of the genetic, environmental, and physiopathological factors responsible for the development of the disease impedes its cure. 3 Epidemiologic studies have tried to identify the triggers of T1D, linking nutritional, chemical, infectious, and toxin-derived factors to its pathogenesis. 4, 5 However, the clinical hypotheses derived from these studies haven't prevented the development of the disease, 5 so further epidemiologic studies are still needed. There is general agreement that T1D incidence rates have increased since the 1980s, [6] [7] [8] although the increment is neither linear nor equal in intensity over different countries. 7, 9 Moreover, the incidence seems to have stabilized over the last decade. 10, 11 In order to have a broad vision of the incidence of the disease, it should be required long periods of follow-up; however, papers with follow-up times over 30 years are not frequent. 8, 10, 12 The incidence of T1D is highest at the age of 10 to 14 years. 12 Studies from Sweden and Belgium have suggested that the disease may be developing earlier, but without a real increase in the incidence rates. 13, 14 Regarding sex-related differences, T1D shows a similar incidence in both sexes in children under 15 years. 12, 15 However, in some studies, T1D is more frequent in boys between 10 and 14 years. 16, 17 As a general rule, it has been noted that in countries with a high incidence of T1D, the disease predominates in boys, while in low incidence countries it is in girls where it prevails. 14 Therefore, it is important to bring up the following questions:
Is the T1D incidence in childhood and adolescence still increasing or has stabilized? Is the onset of T1D happening in earlier age? What are the differences in the incidence of T1D for age groups? Regarding sex, is there a sex-related difference in incidence?
With the goal of helping to address these questions, we provide data for the incidence in children under 15 years over a period of 40 years in the registry of T1D in Navarre, an autonomous community in northern Spain of 642 797 inhabitants. Additionally we describe the characteristics of patients at onset with regard to age and sex. The population at risk comprised all residents in Navarra younger than 15 years of age that lived in the autonomous community for a period greater than 6 months. In order to estimate the completeness of the record, the capture-recapture method was used, retrieving information about diagnosis from three independent sources: the three public and the two private hospitals in Navarre as a primary source, and the Navarre Association of Diabetics (ANADI) and the primary healthcare system as the secondary source. Paper-based information was substituted with electronic health records as technology became available. The global integration that included the identification of potential duplication of data and the statistical analysis, were carried out by a data manager. In compliance with legislation, safety, and confidentiality of obtained data was reinforced by a Regional Order. Additionally, the study was approved by the Ethical Committee for Research of Navarre and it was in accordance with the Declaration of Helsinki.
| METHODS

| Local and environmental information
Navarre is an autonomous community that administers its own public health service. It is located in the northern region of Spain, and has a surface area of 10.391 km 2 . It has a mainly Caucasian population with relatively low to mid immigration rates that ranged from 2.7% of the 
| Statistical analysis
Population data classified by sex and age for each year was obtained from the census and the register of inhabitants of the autonomous community of Navarre provided by the Spanish Office of National 
| RESULTS
A total of 577 cases of T1D in children under 15 years were registered (277 female and 300 male) resulting in a crude incidence rate of 14.99
cases per 100 000 people-years (95% confidence interval [CI]:
13.79-16.26). Given the wide period analyzed, the completeness of ascertainment ranged from 94.6% to 98.8%. The age at onset (mean AE SD) was 9.10 AE 3.83 years, (boys = 8.82 AE 3.77; girls = 9.36 AE 3.88). The distribution by age groups and sex is shown in Table 1 .
The highest incidence rate was found in the 10 to 14 age group (P < 0.001). Joinpoint regression was used in order to detect significant variations in incidence, with the most significant changes taking places in 1990, 1996, and 2002 ( Figure 1 ).
The results of Poisson regression showed an annual increase of 3.0% (95% CI: 2.3-3.8) of the incidence. While comparing the youngest age group with the rate ratio of the 5 to 9 age group, is 1.53 (95% CI: 1.21-1.94) (P < 0.001), comparing with the 10 to 14 group, results in a rate ratio of 2.36 (95% CI: 1.90-2.93) (P < 0.001) (Figure 2 ).
Another data extracted from the same model is that the incidence is not significantly different among sexes in the analyzed period and region (P = 0.788). The mean onset age does seem to have a lowering trend in children, but it is not statistically significant (P = 0.572).
| DISCUSSION
The incidence of T1D has experienced a 4-fold increase over the last four decades. This has been a staggered increase and the incidence is stable from 2001. 8, 20 The annual relative increase according to our data is in consonance with the data from EURODIAB that place this increase at 3% to 4% in the last 20 years, 7 and it is identical to the estimations made by the International Diabetes Federation (IDF Diabetes Atlas) 21 at global level (3.0%). The mean incidence in Navarre through the study is high (14.99/100 000 inhabitants-year) and, in the last years, very high (>20/100 000 inhabitants-year). Currently, the incidence of T1D in Navarre is higher than most of the autonomous communities of northern Spain, but at a similar level to "Castilla y Leon" and the regions of the south of Spain. 22 Compared to other countries, it is higher than Central European nations and the United States, and closer to the incidence rates of Norway and Canada. 5 In recent years, there has been a debate about whether the incidence of T1D is increasing, 2 decreasing, 4 or has stabilized. 19 On the other hand, some authors believe that the incidence seems to be higher because of an earlier onset. 13, 14 Our results show that the incidence has increased and that the differences with other studies might depend on the analyzed period. In Navarre, in the last 20 years, the incidence is steady. However, if we increase the period to the last 40 years, an annual increase of 3% of the incidence can be seen. The country where the study takes place influences the results 20 because in countries with high incidence the trend is to stabilize, while in low incidence countries, as in Eastern Europe 12 or developing countries 23 there is a tendency to increase. In Navarre, our group has previously published that, taken together children and adults, their onset age does not take place earlier. 24 Navarre possesses a public Health system that covers the whole population and that has not changed in the (data from Institute for statistics of Navarre), which represents an increase of 82.8%. However, over the last 20 years, the incidence of T1D has stabilized, while the per capita income has increased, a fact that works against this hypothesis.
By age group, the highest incidence in Navarre is observed in the 10 to 14 age group, as in most of the countries; 10, 17, 25 however, countries like Finland 16 Italy, 26 Estonia, 27 , and some autonomous communities of Spain, have described peak incidence in the 5 to 9 age group.
At follow-up, in Navarre, an increase in the three age groups can be observed, increasing as the group age increases. A higher increase of the disease was described in the final years of the past century and the first years of the current century, in the younger children, that raised the hypothesis of the advance of age at diagnosis. 13, 14 This trend has disappeared in the last 10 years. 10 With regard to the differences by sex, contrary to what is seen in Navarre, it is frequent to Quadrennial changes in incidence of type 1 diabetes (T1D) in Navarre between 1977 to 2016 by age groups observe an early peak of incidence in girls that has been attributed to their earlier puberty. 28 In our study we do not find differences in sex, either in absolute terms or in the speed of incidence increase. This data is consistent with what has been published for Germany 12 Belgium, 14 Poland, 16 and Brazil 23 but differs from what has been published for United
States, 2 Australia, 9 Finland, 16 Sweden, 13 Hungary, 17 United Kingdom, 29 and Italy, 30 that finds a higher incidence in boys than in girls. Thus, while in adults there is a unanimous consensus about the predominance of the disease in adult males 14, 29, 31, 32 the results in children are more controversial.
The main strengths of the study are its length (four decades) and the homogeneity of the data gathering. The limitation might reside in the fact that despite the completeness of the capture-recapture method, some cases could be unrecorded, mainly in the first years of the follow-up, where data was gathered on paper.
In conclusion, Navarre currently displays a high incidence of T1D.
In the last 40 years the incidence has multiplied by four. It is important to continue researching the factors that can influence this increase in order to prevent the development of the disease.
